Direct current (DC) arc discharge method gives high temperature in a short time, which has been widely used to prepare carbon nanotubes. We use this simple approach to synthesize metal oxide nanostructures (MgO, SnO 2 without any catalyst. Different morphologies (nanowires, nanobelts, nanocubes, and nanodisks) of metal oxide nanostructures can be controllably synthesized by changing the content of air in buffer gas. The growth mechanisms for these nanostructures are discussed in detail. Oxygen partial pressure is supposed to be one of the most important key factors. The methodology might be used to synthesize similar nanostructures of other functional oxide materials and non-oxide materials.
INTRODUCTION
Compared to bulk materials, nanostructural materials possess peculiar electrical, optical and chemical properties due to high surface area and quantum size effects, which have potential as components of opto-electronic devices, 1 sensors, 2 field emission devices, 3 and solar cells. 4 As we know, many properties (such as band-gap, optical properties) of nanostructural materials are greatly different and strongly dependent on their size, chemical composition, and morphologies, [5] [6] [7] [8] which has been one of the major obstacles to large-scale applications of nanostructural materials. Over the past decade, many efforts have been devoted to exploiting controllable synthesis of nanostructures using various methods. [9] [10] [11] [12] For metal oxide nanostructures, chemical vapor deposition (CVD) is well known to be one of the most powerful general methods to controlled synthesize nanomaterials due to the efficient control on reaction parameters during the synthesis process. 11 13 However, it requires long synthesis time, or catalyst use. In this paper, we propose a simple synthesis method for metal oxide nanostructures with controlled morpholoies by direct current (DC) arc discharge without metal catalysts. The morphologies of assynthesized metal oxide nanostructures can be controllably synthesized through changing oxygen partial pressure. The growth mechanisms for these nanostructures are discussed * Author to whom correspondence should be addressed.
in detail. Compared with CVD method, DC arc discharge method can produce higher temperature in a short time, and results in higher synthesis efficiency. It is also expected that this method will play an important role in the fabrication of other functional metal oxide materials and non-oxide materials.
EXPERIMENTAL DETAILS
The synthesis of metal oxide nanostructures was performed in a DC arc discharge furnace. Figure 1 represents schematically the apparatus in our experiment. In a typical experiment, the anode was a sintered graphite crucible (40 mm diameter, 80 mm length) with a hole (30 mm diameter, 30 mm deep), in which filled with metal powders (Mg or Sn). The cathode was a pure graphite rod with 8 mm diameter and 300 mm length. First, the arc furnace was evacuated to 50 Pa by a vacuum pump, and then the mixed gases of air and argon (Ar) with different ratio, were introduced into the furnace. Finally, the discharge current was set as 80 A during electric arc process, and the arc gap between anode and cathode was kept a constant value at 5 mm. White products were collected after natural cooling.
The morphologies of the products were observed by scanning electron microscopy (SEM, Carl Zeiss Ultra55) and transmission electron microscopy (TEM, JEOL JEM-2100F) with accelerating voltage of 200 kV. The crystal structure of the sample was examined by X-ray diffraction (XRD, D/max 2550VL/PC) with CuK 1 radiation ( = 0 15405 nm). 
RESULTS AND DISCUSSION
A series of MgO nanostructures were synthesized through different air amount mixed into Ar gas as buffer gases. Semitransparent mull-like products were obtained ( Figure 3 (c), which were obtained from the evaporants around the graphite crucible and also synthesized with 2 kPa air and 18 kPa Ar as buffer gases. It can be clearly seen that these two dimensional (2D) nanostructures consist of three-or four-fold orthogonally branched MgO nanostructures. The diameter of each branch decreases from several hundred to about ten nanometers along its growth direction. The TEM image (Fig. 3(d) ) and SAED pattern (inset of Fig. 3(d) ) indicate that branched MgO nanostructures possess singlecrystalline structures, and grow along the [100] direction.
When the air amount ratio was elevated to 50% in buffer gases, perfect MgO nanocubes (Fig. 3(e) ) with 14 the as-synthesized MgO nanostructures in our experiments have smaller diameter or side length, which are attributed to short time growth in arc discharge process. High temperature between anode and cathode results in the instant evaporation of Mg powders and the oxidation of Mg atoms. 15 Therefore, MgO nuclei formed will be smaller than that formed by other technique. In addition, the growth process is relatively short because MgO nanostructures formed are transported instantaneously to lower temperature zone.
To gases, and the products are fine white powders rather than semitransparent mull-like materials. Figure 4 (a) shows a typical SEM image of SnO 2 nanobelts with typical lengths up to hundreds of micrometers, which were synthesized by DC arc discharge with 16 kPa air and 24 kPa Ar as buffer gases. The as-synthesized SnO 2 nanobelts have widths ranging from 400 nm to 1.0 m (Fig. 4(b) ) and widthto-thickness ratios of 10 to 30. TEM image (Fig. 4(c) ) and SAED pattern (inset in Fig. 4(c) ) reveal that the SnO 2 nanobelts possess structurally uniform single-crystalline structures. Similar to MgO nanostructures, when the air amount ratio was elevated to 80% in buffer gases, the morphologies of the as-synthesized products change from nanobelts to perfect SnO 2 nanodisks (Fig. 4(d) ) with smooth surface. the SnO 2 nanodisks have typical diameters in the range of 200∼500 nm (Fig. 4(e) ) and diameter-tothickness ratios of 5 to 20, which is smaller than that of previous results. 14 Figure 4 (f) shows a typical TEM and SAED pattern of as-synthesized SnO 2 nanodisks. It can be seen that SnO 2 nanodisks are single-crystalline structures with some dislocation. For the growth process of SnO 2 nanodisks, the kinetic process included is very complicated, which depends on the form of heating, its movement state, the atmosphere, temperature, and oxygen partial pressure, and so forth.
14 It has been considered that the SnO 2 nanodisks are synthesized by oxidizing the formed SnO nanodisks. At low oxygen partial pressure, the formed metal oxide nuclei with high defect density are transported instantaneously to low temperature zone. Subsequently formed metal oxide clusters prefer to migrate to the high defect density sites and incorporate into lattices there to reduce the surface energy. [20] [21] [22] Sufficient energy differences are generated between various growth surfaces and result in the formation of nanowires or nanobelts. At high oxygen partial pressure, large quantities of clusters homogeneously assemble on surfaces of metal oxide nuclei, diffusion and migration of metal oxide clusters on certain facet promote the growth of nanocubes or nanodisks until the defect surface dominates. 14 23 
CONCLUSIONS
In summary, we report a simple and rapid synthesis method of metal oxide nanostructures (MgO, SnO 2 via DC arc discharge method without metal catalysts, in which mixed air/Ar gases are buffer gases. The results indicate that different morphologies (nanowires, nanobelts, nanocubes, and nanodisks) of metal oxide nanostructures can be controllably synthesized by changing air/Ar ratios in buffer gas. The growth mechanisms for these nanostructures are discussed in detail. Oxygen partial pressure is supposed to be one of the most important key factors. The methodology might be used to synthesize similar nanostructures of other functional metal oxide materials and non-oxide materials.
